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Abstract Milk is an incredibly healthy food world-wide.

However, the ‘lactase deficient’ individuals cannot digest

milk’s carbohydrate lactose. A large part of the world

population is depriving of highly beneficial milk proteins

like casein, lactoalbumin, lactoglobulin, etc. due to lactose

intolerance. Production of functional foods and bioactive

peptides from milk with natural antioxidants and the

addition of probiotics could be the best alternative to

extend the use of milk functionalities. Among different

probiotics, the lactic acid bacteria (LAB) like Lactobacillus

delbrueckii sub sp. bulgaricus, Streptococcus thermophilus

and some species of Bifidobacteria and their metabolites

(paraprobiotics and postbiotics) have been given more

preference to add in milk-derived functional foods. These

species are generally considered as heat-tolerant, highly

proteolytic, and peptidolytic towards milk proteins and

they liberate smaller molecules of bioactive peptides dur-

ing fermentation and other processes that stimulate the

enzyme lactase to help people in digestion of milk carbo-

hydrate lactose. Moreover, the incorporation of natural

antioxidants in yoghurt and other dairy products prevents

the rancidity of milk fat. The level of bioactive peptides

produced in milk-derived functional foods can be deter-

mined by capillary zone electrophoresis, mass spectrome-

try, fractionation, and other modern assessment techniques.

Commercial production of functional probiotic products

with bioactive peptides could significantly contribute to

reduce milk spoilage, enhance health benefits as well as the

growth of the agro-processing industry.

Keywords Milk � Fermented dairy products � Bioactive

peptides � Probiotics � Natural antioxidants � Lactic acid

bacteria

Introduction

Bioactive peptides are generally defined as short chains of

amino acid monomers that are mostly connected with

peptide bonds and occurred biologically and have benefi-

cial effects on human health (El-Fattah et al. 2018; Ovando

et al. 2018). These are mainly small molecules of proteins

and synthesized in the cells as large molecules of pre-pro-

peptides that are further broken down and modified in the

cells to form active compounds. These biologically active

compounds usually function as signaling molecules and

play vital roles in biological functions as well as patho-

genesis. The bioactive peptides positively contribute to the
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functions and/or states of our body and thus beneficially

affect our health (Muro Urista et al. 2011). In general, the

milk proteins especially casein, as well as dairy products

including various cheeses and yoghurts have been used as

the raw materials for the production, and isolation of small

molecular peptides with many effective applications.

Besides, the leading cheese production by-product called

milk-whey-waste also shows a prominent role as the source

of protein for the isolation of biologically effective pep-

tides having different potential industrial implementations.

Milk proteins provide several nutritional, functional, and

biological activities. Most of the health-promoting foods

have been found to contain milk as potential ingredients

because it consists of many proteins that accelerate the

biological properties of milk. From milk proteins, many

physiologically active peptides can be derived that are

usually inactive in the larger molecules of parent proteins

but can be released during (1) digestion of milk in gas-

trointestinal tracts, (2) fermentation of milk with prote-

olytic starter cultures, or (3) hydrolysis of the milk with

proteolytic enzymes (Korhonen and Pihlanto 2006).

Natural antioxidants and bioactive components derived

from different food sources have significant roles in

maintaining the body functions including prevention of

different degenerative diseases like cancer, diabetes, car-

diovascular diseases, inflammations, blood pressure, aging,

and so on (Caleja et al. 2016; Feng et al. 2019; Kamal et al.

2019a, b). In recent years, there is a growing interest in the

use of bioactive compounds in different functional foods,

which help to boost antioxidant and health beneficial

effects on the human body. Extracts of tropical fruits with

medicinal and therapeutic importance have been incorpo-

rated in many food items as antioxidant supplements

(Córdova-Ramos et al. 2018; Gao et al. 2018). Moreover,

these compounds are known to have high oxidative inhi-

bitory capacity due to their potent ability to scavenge free

radicals.

Over the past few years, functional foods have

remarkably gained consumers’ preferences due to their

various potential health benefits attributed to the presence

of probiotics. According to the WHO and FAO, probiotics

are ‘live microorganisms when administered in adequate

amounts confer a health benefit to the host’. However, in

recent years, new terminologies are added to the probiotic

definition such as ‘paraprobiotics’ (dead/inactive cells of

probiotics), ‘postbiotics’ (healthful metabolites of probi-

otics), and ‘psychobiotic’ (microbial neuroactive metabo-

lites affecting psychological/psychosomatic processes)

(Zendeboodi et al. 2020). Researches have also claimed

that dead cells (intact or ruptured) and derivatives could

also demonstrate significant impacts on human health.

Yoghurt is one kind of functional food produced by

lactic acid fermentation mainly by the Streptococcus and

Lactobacillus species (Abdel-Hamid et al. 2020; Kennas

et al. 2020). It has different health promotional activities

including improvement of gut microbiota activity, reduc-

tion of lactose absorption and intolerance by improving

gastrointestinal functionalities, improvement of lipid

digestibility, immune system, and antimicrobial activities

(Demirci et al. 2017; Córdova-Ramos et al. 2018; El-Fattah

et al. 2018; Jaster et al. 2018; Feng et al. 2019; Khaledabad

et al. 2019). These health beneficial properties of yoghurt

can be increased, depending on the addition of probiotic

microorganisms, prebiotic ingredients, and bioactive pep-

tides, and so on. Although milk is reported to have con-

siderable amounts of polyphenols, different issues such as

pasteurization and bacterial actions to milk protein lower

the number of polyphenolic compounds and natural

antioxidants (Aliakbarian et al. 2015). Fortification of

yoghurt with bioactive compounds and natural antioxidants

seems to be a suitable food model to satisfy consumer

interest in original yoghurt nutrients, beneficial effects of

starter cultures, and health benefits of added antioxidants

(Baba et al. 2018). Agro-processing industries generate a

substantial amount of phenolic-rich by-products, which

could be a potential natural source of antioxidants. Over

the last few years, numerous researches have been con-

ducted on bioactive peptides and their production from

different products of plant, animal, and marine origin

(O’Sullivan et al. 2016; El-Fattah et al. 2018; Ovando et al.

2018). However, the detailed information on yoghurt for-

tification with probiotics, natural antioxidants, and bioac-

tive peptides isolated from dairy-based products is still

limited. Moreover, it is imperative to evaluate the current

research progress on yoghurt fortification and peptides

production and their characterization to identify patterns,

trends, and research gaps. Therefore, this review is aimed

to different aspects of functional foods, bioactive peptides,

and fortification of yoghurt with probiotics and bioactive

compounds derived from different food matrices.

Background rationale

Functional foods

In the current days, the importance of food has shifted from

providing essential nutrients for sustaining life and growth

to preventing or indeed curing various forms of diseases.

Furthermore, the recent technological advancement, pop-

ulation lifestyle changes, and socio-economic trends

throughout the world indicate the need for foods with

increased health benefits (Tadesse and Emire 2020). These

are the key determining and driving forces for the growth

of current development and production of functional foods

in the global market. The global market of functional foods
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is expected to cross $192 billion by 2020 (Brown et al.

2015; Konstantinidi and Koutelidakis 2019). Over the last

few decades, many definitions have been proposed for

functional foods by different scientists and researchers;

however, till now there is no commonly accepted defini-

tion. Functional foods are intended to be consumed as a

part of normal diet and they contain biologically active

components that reduce the risk of major diseases (El-

Fattah et al. 2018). Hsieh and Ofori (2010) mentioned

functional food as ‘foods similar in appearance to con-

ventional foods that are consumed as part of a normal diet

and have demonstrated physiological benefits and/or

reduce the risk of chronic diseases beyond basic nutritional

functions.’ The wholesome foods that have been fortified,

enriched, and/or enhanced to provide additional health

benefits beyond the provision of different essential nutri-

ents (e.g., vitamins and minerals) are generally considered

functional foods (Vicentini et al., 2016). Functional foods

can also be naturally occurring foods and are usually

consumed at an efficacious level as a part of varied diets

regularly. Food can be called a ‘functional food’ when it

consists of a food component (whether a nutrient or not)

that positively affects one or more predetermined functions

in the human body (Karelakis et al. 2019). It can also

include foods from which a potentially harmful component

has been removed by technological means. It implies that a

consumer can be informed about the health benefits of

foods that include particular formulations, carrying specific

information that would have been otherwise unknown

(Kaur et al. 2017). Different names of functional foods like

design foods, pharma foods, and nutraceuticals have been

proposed over the years based on ingredients that have

been incorporated to prevent and treat specific diseases.

Likewise, Pariza et al. (1999) recently proposed a new

definition for functional food: ‘‘a manufactured food for

which scientifically valid health claims can be made’’. The

author also illustrated the word ‘‘manufactured’’ as prod-

ucts of human’s interference (like altering through genetic

engineering) as well as conventional food processing

practices together with three potential processing tech-

niques of functional foods such as (1) from another food a

particular functional ingredient has been added to known

foods, (2) the functional ingredients that are new to the

food supply have been added to known foods, and (3)

addition of one or more functional ingredients to process

entirely new foods. A functional food has some beneficial

effects on health, most of which have been summarized in

Fig. 1a. According to Tidona et al (2009), functional foods

are designed to boost human health, more specifically

intended for weight management (prevention of obesity),

natural defenses (boosting of immunity), bone calcification

(prevention of osteoporosis), digestion (prevention of

intestinal disorders), cardiovascular health (prevention of

heart diseases by lowering the cholesterol level or blood

pressure). To combine the beneficial effects of milk, plant

extract and probiotic microorganisms, Hadjimbei et al.

(2019) recently developed a functional goat’s milk yoghurt

using Pistacia atlantica resin extracts and Saccharomyces

boulardii. Results proved that Pistacia extracts improved

the viability of lactic acid bacteria with retention of func-

tional fatty acids, bioactive compounds, and sensory attri-

butes during the shelf life of yoghurts. Similar findings

were also claimed by El-Shafei et al. (2019) for yoghurt

supplemented with quinoa extracts.

Fermented milk products

The dairy food products which are often termed as fer-

mented milk products, cultured dairy products, cultured

dairy foods, or cultured milk products have been industri-

ally produced through the fermentation of milk sugar

(lactose) with various LAB like Lactobacillus spp., Leu-

conostoc spp. and Lactococcus spp. The overall production

processes that can transform the liquid milk into various

fermented dairy products involves the addition of lactic-

acid-producing microbial strains such as LAB and/or yeasts

which ingest the milk’s lactose to digest and release lactic

acid as wastes in the milk and thereby reduce the pH of

milk i.e., raise the acidity in the milk. The rise of milk

acidity simultaneously accelerates the curdling of milk

which is an essential prerequisite for the ultimate produc-

tion of different fermented dairy products such as yoghurt,

cheese, kefir, sour cream, and so on (Kerry et al. 2018a, b).

The amount and types of composition in different mam-

mals vary from species to species but most of the dairy

products are produced using cow’s milk. Cow’s milk

mainly consists of water with approximately 4.8% lactose,

3.2% protein, 3.7% fat, 0.19% non-protein nitrogen, and

0.7% ash. The major proteins found in milk are caseins,

whey proteins, and immunoglobulins among which caseins

comprise of about 80% of proteins. Saxelin et al. (2003)

categorized the milk products into three groups like ‘basic

products’, ‘value-added products’, and ‘functional dairy

products’. The basic products usually comprise of milk,

fermented milk, cheeses, ice cream, etc. The value-added

products are usually produced by changing the milk com-

position, e.g., low-lactose or lactose-free products,

hypoallergenic formulae with hydrolyzed protein for milk

hypertensive infants, milk products enriched with Ca,

vitamins, etc. While the functional dairy products are based

on milk enriched with functional components and probiotic

bacteria. In recent years, different bioactive compounds are

being added to milk and milk-based products to increase

their functionality and biological activities in the human

body.
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(a) 

(b)

Functional 
foods 

Provide 
antioxidants 

Reducing 
Inflammation

Aiding in 
Disease 

prevention 

Supporting gut 
health and 
immunity

Provide 
prebiotics and 

probiotics  

Reducing 
pathogenic 
bacteria and 

microbes 

(c) 

Probiotic sources

Yoghurt 
Cheese

Fermented milk
Fortified milk

Pickles
Kimchi

Kombucha 
Chocolate 

Granola bar

Fruit juice
Powders 

Microlage

Sauerkraut 
Mis soup

Ginger beer
Sourdough 

Bread

Fig. 1 Functional and probiotic

foods: health benefits of

a functional foods (Levy 2019)

and b probiotics (Tripathi and

Giri 2014); and c natural

sources of probiotic (Kerry et al.

2018a, b)

1266 J Food Sci Technol (April 2022) 59(4):1263–1279

123



Probiotics and probiotic foods

Probiotic bacteria are those viable strains having health

beneficial effects through the improvement of microbial

balance in the gastrointestinal tract when consumed in a

suitable dose. When these live probiotic bacterial strains

are used in a food product as a raw material in adequate

amounts, the food is then called as probiotic food. The

probiotic bacteria are usually added to the probiotic foods

in an appropriate concentration to supply the usual nutri-

ents. In terms to define the word ‘probiotics’, FAO/WHO

directory has expressed- ‘‘probiotics are live microorgan-

isms which when administered in adequate amounts confer

a health benefit on the host’’. According to the proposed

definition by FAO/WHO, probiotics must be alive and

abundant once ingested. Probiotic bacteria have several

beneficial effects (Zendeboodi et al. 2020) such as: (a) en-

hancing the nutritional value of food products, (b) control-

ling and reducing the serum cholesterol, (c) improving the

immune system, (d) preventing gut infections and sup-

pressing antibiotic-associated diarrhea, (e) reducing lactose

intolerance symptoms, (f) reduction of colon cancer risk,

and (g) improving the digestion of gliadin against celiac in

gluten-containing foods which are dependent on the type of

probiotic strain (Gareau et al. 2010; Oelschlaeger 2010).

Concerning these functionalities, people are interested in

consuming products containing probiotics. Probiotic strains

that are generally used in the production of probiotic foods

are summarized in Table 1.

Potential probiotic isolates help to maintain and improve

health and are suitable for the development of functional

probiotic products (Roobab et al. 2020). Among various

commonly used probiotic bacteria, only those species

belonging to genera Lactobacillus and Bifidobacterium

have been recognized as beneficial for human health (Dixit

et al. 2016; Westermann et al. 2016). Probiotics are

microbes that can protect their hosts by preventing differ-

ent diseases and the well-known species include Lacto-

bacillus acidophilus that has been accounted for many

probiotic food products such as yoghurts, acidophilus milk,

and different food supplements (Eid et al. 2016). The

antibiotics can often decimate the useful bacteria in the

intestines whereas the probiotic bacteria can inhibit this

unexpected destruction of these beneficial microbial strains

in gastrointestinal tracts (Tripathi and Giri 2014). There-

fore, the combined intake of probiotic foods and antibiotics

would be more beneficial to prevent diarrhea associated

with antibiotics (Agamennone et al. 2019). Probiotics can

play an important role in the fermentation processes.

Besides, there are some probiotic bacteria (e.g., LAB) that

are frequently used as a dietary source by many beneficial

live microorganisms in intestines, and thus improve the

properties of useful indigenous microbiota and ultimately

promote beneficial effects of those microbial strains in the

host body (Khaledabad et al. 2019). Ingestion of probiotics

usually induces the reduction of serum cholesterol, allevi-

ation of lactose intolerance, reduction of indigestion, and

other intestinal disorders (Tripathi and Giri 2014). It also

reduces cancer risk and resistance to enteric pathogens and

increases antihypertensive effects. The health beneficial

activities of probiotics have been incorporated in Fig. 1b.

Traditionally, probiotics have been added to yoghurt and

currently, more than 70 products containing Lactobacilli or

Bifidobacteria are being produced worldwide including

sour cream, buttermilk, frozen desserts, probiotic drinks,

etc. (Fig. 1c) (Kerry et al. 2018a, b). The incorporation of

these microorganisms into dairy products induces unique

flavor profiles and texture. The use of a specific organism

in a specific product is based on its probiotic and health-

promoting effects. Bifidobacterium bifidum and Lacto-

bacillus reuteri have been regarded as the most important

probiotic bacteria for human health. Some probiotic effects

attributed to these bacteria including improvement in lac-

tose utilization, prevention of diarrhea, colon cancer,

hypercholesterolemia, improvement of vitamin synthesis,

calcium absorption, and also showed anticarcinogenic

activity (Lucatto et al. 2019; Sani et al. 2020). The thera-

peutic value of any probiotic food typically depends on the

viability of these bacteria in the probiotic products. There

are different opinions about the number of probiotics that

should be viable in a functional food product to perform

their probiotic action. Tamime et al. (1995) suggested that

generally the dairy products should contain C 106 CFU of

viable probiotic bacteria per milliliter or gram of probiotic

products to be effective at the time of consumption and

should be consumed regularly while the International Dairy

Federation (IDF) expressed that a minimum of 107 probi-

otic bacterial cells should be alive per gram of the probiotic

products at the time of consumption. Moreover, some lit-

erature claimed that the microorganisms must remain

viable in concentrations from 106 to 109 CFU/g or mL

(Sarkar 2013) during the processing, storage, and even

digestion by the consumer to show their probiotic effects.

In recent years, new terminologies have been proposed

by scientists/researchers such as ‘paraprobiotics’ and

‘postbiotics’ to indicate those biologically active com-

pounds that are not able to clarify the term prebiotics,

probiotics, and symbiotics or their biological functions

against specific diseases (Zendeboodi et al. 2020; Barros

et al. 2020). These terms have been arisen after being the

use of non-viable bacterial cells, microbial parts, or cell

byproducts at appropriate doses either in a soluble or non-

soluble form that shows health beneficial effects and

bioactivities. Paraprobiotics are the inactivated or ghost

probiotics i.e., non-viable microbial cells or cellular

extracts when administered in adequate amounts deliberate
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health beneficial effects (Barros et al. 2020). There are

some microbial metabolites such as enzymes, proteins,

peptides, polysaccharides, organic acids or lipids and

components like lipoteichoic and teichoic acids, peptido-

glycans, cell-surface proteins, and polysaccharides, etc.

have systemic positive effects in the host body (Ale et al.

2019; Aguilar-Toala et al. 2018). These compounds are

known as the ‘postbiotics’ (Zendeboodi et al. 2020).

Therefore, the beneficial effects of probiotic cells and their

derivatives can be covered by using the new terminology

‘paraprobiotics’ and ‘postbiotics’. Considering the research

findings and functionalities, Zendeboodi et al. (2020) have

proposed a new definition of probiotics as ‘viable or invi-

able microbial cell (vegetative or spore; intact or ruptured)

that is potentially healthful to the host’.

Moreover, considering the targeted diseases remedial

capacities of particular probiotic products, several sub-

definition of probiotic has been emerged in the recent lit-

erature (Martı́n and Langella 2019). For instance, when a

probiotic product targets health benefit of patients suffering

from psychiatric illness is termed as psychobiotics (Dinan

et al. 2013), immunobiotics when the health improvement

is targeting the mucosal immune level (Clancy 2003),

probioceuticals/probiotaceuticals when probiotic derived

factors, such as reuterin from Lactobacillus reuteri

(Howarth 2010), biogenic when products made by or of life

forms including secretions and metabolites, and

pharmabiotics when bacterial cells of human origin, or

their products, with a proven pharmacological role in

health or disease (Martı́n and Langella 2019). These new

approaches have boosted the probiotic area during the last

few years with direct impacts on consumers and general

public.

Recently, the bioactivities of probiotics and probiotic

foods have been reviewed by Chugh and Kamal-Eldin

(2020) and they mentioned the ability of probiotic bacteria

to produce a wide range of metabolites with health benefits

to humans. Literature supported that different bioactive

compounds such as bacteriocins, metabolic enzymes,

amino acids and peptides, short-chain fatty acids, vitamins,

antioxidants, anti-inflammatory, and immunomodulating

agents, and exopolysaccharides are produced by the pro-

biotic bacteria (Zendeboodi et al. 2020; Barros et al. 2020;

Chugh and Kamal-Eldin 2020). Collectively, these mole-

cules enhance the physiological function of the gut and

improve the health of consumers by different mechanisms

of actions such as preventing pathogen adhesion or colo-

nization, production of metabolites, modulation of the

immune system, scavenging free radical reactions, main-

taining the cholesterol level, enhancing the synthesis and

bioavailability of dietary nutrients and regulating the

enzyme actions (Chugh and Kamal-Eldin 2020; Gaisawat

et al. 2019; Lopetuso et al. 2019; Kerry et al. 2018a, b;

Rowland et al. 2018).

Natural antioxidant-rich compounds and their
utilization in yoghurt

Antioxidants are a heterogeneous family of chemical sub-

stances that significantly inhibit or delay the oxidation

process. Food antioxidants neutralize or inhibit the for-

mation of free radicals and hence reduce their ability to

damage host’s cells by interrupting the spread of free

radicals. It prevents food products from autoxidation and

rancidity. Common food antioxidants are butylated

hydroxyanisole (BHA), butylated hydroxytoluene (BHT),

propyl gallate, gallic acid (GA), rutin, tocopherols, and so

on. On the other hand, the natural antioxidants are those

anti-oxidative compounds that are naturally extracted from

different plant products including fruits, vegetables, and

spices foods (Xu et al. 2017). The use of these natural

antioxidants (AOX) in fermented milk products is recom-

mended to maintain a favorable sensory profile until

Table 1 Probiotic bacteria used in yoghurt production

Probiotic bacteria

genera

Species References

Lactobacillus L. plantarum, L. paracasei, L. acidophilus, L. casei, L. rhamnosus, L. crispatus, L. gasseri, L.
reuteri, L. bulgaricus

Dixit et al. (2016)

Bacillus B. coagulans, B. subtilis, B. laterosporus Nguyen et al. (2016)

Lactococcus L. lactis, L. reuteri, L. rhamnosus, L. casei, L. acidophilus, L. curvatus, L. plantarum Eid et al. (2016)

Streptococcus S. sanguis, S. oralis, S. mitis, S. thermophilus, S. salivarius Arora et al. (2013)

Enterococcus E. faecium Onyenweaku et al.

(2016)

Bifidobacterium B. longum, B. catenulatum, B. breve, B. animalis, B. Bifidum Westermann et al.

(2016)

Saccharomyces S. boulardii Chen et al. (2013)
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Alpha tocopherol Gamma tocopherol

Ascorbic acid Ascorbil palmitate Epicatechin

Epicatechin gallate Epigallocatechin gallate Rutin

Gallic acid p-coumaric acid Caffeic acid

Beta carotene
bFig. 2 Chemical structures of major antioxidants naturally occurring in plants and herbs
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consumption. Besides, such natural antioxidants may also

contribute to increasing the health-promoting potential of

milk fat globule membrane (MFGM) containing functional

foods (Grazyna et al. 2017). Milk contains many particles

of colloidal especially fat globules and protein micelles

(casein). Fat globules are unique to milk and a major

structural element of cells. Each fat globule of milk com-

prised of a central core containing mostly triglycerides

(TG) is enveloped in a layer of surface-material known as

the milk fat globule membrane (MFGM) (El-Salam and El-

Shibiny 2020; Guerra et al. 2014). Structurally, MFGM is a

trilayer (size: 10–50 nm) biological membrane composed

mainly of polar lipid and proteins derived from the endo-

plasmic reticulum, and a bilayer membrane derived from

the apical plasma membrane of the mammary epithelial

cells that surrounds fat globules when they are secreted (El-

Salam and El-Shibiny 2020; Guerra et al. 2014). The

structural integrity of MFGM is subjected to change due to

several factors such as milk harvesting and handling,

physiological factors of animals, physical, mechanical and

environmental issues etc. (El-Salam and El-Shibiny, 2020).

The MFGM has a wide range of nutritional and health

benefits. It is evidenced that MFGM shows stabilizing and

emulsifying properties. Moreover, studies showed that

MFGM has a beneficial effect on brain development and

function, physical performance, intestinal integrity, and gut

microbiota; reduces obesity and inflammation, and ame-

liorates rotavirus and several other infectious diseases

(Hintze et al. 2011; Hernell et al. 2016; Ortega-Anaya and

Jimenez-Flores 2019;). These properties of MFGM enables

the manufacturers to develop MFGM based functional

dairy ingredients. Previous studies reported that MFGM

contains several numbers of polypeptides ([ 50, ranging

from 10 to 300 kDa) which are more similar to the protein

polypeptides found in the HMGM of human milk (Spits-

berg 2005).

Natural antioxidants are generally categorized as phe-

nolic compounds including flavonoids and phenolic acids,

vitamins and volatile compounds. There are some common

natural antioxidants (Table 2) that are commercially added

to several foods include tocopherols, ascorbic acid, soy-

bean products, oat products, components of crude veg-

etable oils, amino acids, peptides, herbs and spices (Jiang

et al. 2014; Aliakbarian et al. 2015; Periche et al. 2015;

Ramirez et al. 2015; Remini et al. 2015; Zaccari et al.

2015).

The plant-derived antioxidants are mainly the extracts of

grape seed, sage, thyme, rice bran, basil extract, ginger,

plum concentrates, aloe vera, mustard, tea catechins,

rosemary, etc. And the polyphenolic compounds having

two or more phenolic hydroxyl groups are the most active

and effective components among these natural antioxidants

(Xu et al. 2017). Mango (Mangifera indica L.) can be

considered as a good source of dietary antioxidants such as

ascorbic acid, carotenoids, and phenolic compounds. b-

Carotene is the most abundant carotenoid in several culti-

vars of mangoes. Besides, mango peel, a major by-product

obtained during the processing of mango products, exhibits

good antioxidant activity and may serve as a potential

source of phenolic with anticancer activity (Kim et al.

2010).

Food fortification is one of the most important processes

for the improvement of the nutrient quality and quantity in

food. It can be a very cost-effective public health inter-

vention. Due to the high consumption rate of dairy products

such as yoghurt, fortification of these products will effi-

ciently decrease or prevent diseases related to nutritional

deficiencies. Over the past few years, different food

Table 2 Bioactive compounds from natural sources

Antioxidant Natural sources References

Vitamin C Broccoli, orange juice, green chilli, aonla Remini et al. (2015), Kamal et al. (2019a) and Mondal et al.

(2017)

Carotenoids and b-

carotene

Grains, orange juice, peppermint, spearmint, red

carrots

Wibowo et al. (2015) and Zaccari et al. (2015)

Lycopene Tomatoes Choi et al. (2014)

Carotenoids–

xanthophyll

Spinach, Zea mays, Carrot Pasaporte et al. (2014)

Polyphenols Grains, potato, yam, cocoa bean, green tea Aliakbarian et al. (2015), Ahmed et al. (2019) and Kamal et al.

(2020)

Flavonoids Stevia rebaudiana leaves, Berries, honey Jiang et al. (2014), Periche et al. (2015), Kamal et al. (2019b)

Flavanols and flavonols Vitis vinifera grape berry skins, green tea Alcalde-Eon et al. (2014) and Bae et al. (2015)

Anthocyanin’s Berries, red cabbage, mulberry Ramirez et al. (2015) and Xie et al. (2019)

Tannins Mango kernels, pomegranates, strawberries,

walnuts

Álvarez-Fernández et al. (2014) and Martins et al. (2014)
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products rich in bioactive compounds and natural antioxi-

dants have been used in yoghurt because of their health

beneficial effect. Table 3 represents some examples of

natural antioxidants used in milk-based products such as

yoghurt, yoghurt drinks, and beverages, dahi, etc. Recently

a study conducted by Karaca et al. (2019) where freeze-

dried persimmon and apple powder was incorporated into

yoghurt, which enhanced the probiotic activities, increased

the minerals and fiber with acceptable sensory properties.

Studies reported that fortification of yoghurt with moringa

extract boosts the fermentation by promoting the growth of

LAB, improves the textural and bioactive properties

(Zhang et al. 2019). It was also stated in their study that the

incorporation of moringa can increase the radical scav-

enging activity by 40% in a dose-dependent manner up to

21 days. Jrad et al. (2019) identified 15 phenolic acids in

Greek yoghurt fortified with date powder. They also

claimed that Greek yoghurt fortified with date powder

Table 3 Fortification of yoghurt and yoghurt like products with natural antioxidant rich compounds

Source of antioxidants Product type Milk source Concentration of antioxidants used References

Green tea Yoghurt Bovine milk 2% of two types green tea (from Japan

and Malaysia)

Amirdivani and

Baba (2014)

Olive and grape pomace Fermented

milk

Skim milk Olive pomace: 0.73 mg CAE/mL and

grape marc: 2.09 mg CAE/mL

Aliakbarian et al.

(2015)

Grape pomace Fermented

milk

Goat milk Grape pomace extract: 2%

Whole grape juice: 15% and 17%

dos Santos et al.

(2017)

Matricaria recutita L. and

Foeniculum vulgare Mill.

decoctions

Yoghurt UHT milk 40 mg/100 g each Caleja et al.

(2016)

Seaweed extracts Yoghurt Whole milk 0.25 and 0.5% O’Sullivan et al.

(2016)

Flaxseed powder Yoghurt Whole cow milk 0, 1, 3, and 5% Ardabilchi

Marand et al.

(2020)

Walnut and flaxseed oil emulsions Yoghurt Skimmed milk powder 2% Baba et al. (2018)

Jumbo squid powder Yoghurt UHT milk 0, 1, 3, 5, 7 or 10 g/100 Ml Córdova-Ramos

et al. (2018)

Strawberry pulp Yoghurt Pasteurized milk 15 and 30% Jaster et al. (2018)

Cinnamon residues Yoghurt Skim milk 10% (cinnamon bark, twigs residue,

leaves residue)

Tang et al. (2019)

Stevia Yoghurt Pasteurized milk 0, 0.25 and 0.5% de Carvalho et al.

(2019)

Date powder Dromedary

Greek

yogurt

Dromedary cream and

dromedary milk

10% powder Jrad et al. (2019)

Siraitia grosvenorii fruit extract Probiotic

yoghurt

Buffalo milk 0, 0.5, 1 and 2% Abdel-Hamid

et al. (2020)

Rice bran Yoghurt 0, 1, 2, and 3% Demirci et al.

(2017)

Moringa extracts Yoghurt Skimmed milk powder 0.05, 0.1 and 0.2% methanolic extract Zhang et al.

(2019)

Gnaphalium affine Hao-Xiang Yoghurt Skim milk powder 0.2, 0,.4, 0.6, 0.8, and 1% Gao et al. (2018)

Jujube pulp Yoghurt Goat milk 0, 3, 6, and 9 g/100 g Feng et al. (2019)

Orange fibre Yoghurt Cow milk 0.5, 1, 1.5 and 2% Erkaya-Kotan

(2020)

Pomegranate peel and honey Yoghurt Whole milk powder Pomegranate peel: 0, 2.5, 5 and 10%

Honey: 0, 2.5, and 5%

Kennas et al.

(2020)

Persimmon and apple powders Yoghurt Cow milk 1% Karaca et al.

(2019)

Wood apple powder Yoghurt Whole cow milk 4, 6, and 8% Parvin et al.

(2019)
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exhibited the highest DPPH radical scavenging activity,

Fe2? chelating capacity, and Fe3? reducing power with

physical, textural, and microbiological stability. The

incorporation of cryoconcentrated strawberry pulp (15%

and 30%) in the yoghurt resulted in a product with three-

fold more anthocyanin content and antioxidant activity

with enhanced nutritional properties (Jaster et al. 2018).

Antioxidative properties (DPPH and ABTS radical scav-

enging activity) of yoghurt was found to increase with the

addition of rice bran (Demirci et al. 2017). A study was

conducted by Tang et al. (2019) to search for the potential

of cinnamon residues in boosting the antioxidant activity of

yoghurt. In this study, extracts and hydrolysates of cinna-

mon barks, twigs, and leaves were incorporated into

yogurt. Results of in-vitro digestion indicated that yogurt

prepared by these extracts and hydrolysates drastically

increases the antioxidant activity with considerable

amounts of phenolic and flavonoids content which might

be influenced by the complex of protein–phenolic

interactions.

Stevia is one of the antioxidant-rich plants, which pos-

sesses various pharmaceuticals applications. Recently, de

Carvalho et al. (2019) utilized freeze-dried stevia extract

(0.25% and 0.50%) in yoghurt. It was observed that the

yoghurt matrix preserved the total phenolic content,

antioxidant capacity and total solids during storage. How-

ever, the addition of 0.50% stevia extracts exerted a

buffering effect on the system. After simulated digestion,

the total phenolic content and antioxidant activity were

found to increase in the fortified yoghurts compared to the

undigested parts.

Pomegranate is widely known for its bioactive com-

pounds and antioxidant properties with therapeutic

applications. These fruit extracts have been used in many

food applications to boost nutritional quality. Pan et al.

(2019) recently used pomegranate juice powder (PJP)

(1–5%) as a sugar replacer in fermentation matrix during

yoghurt production, and studied the physicochemical,

structural, and antioxidant properties. Results depicted that

higher level of PJP enhanced the yoghurts’ sensory prop-

erties, firmer texture, total phenolic and stronger antioxi-

dant properties. Therefore, it is observed that different

plant parts including pulp, bark, leaves extracts are very

promising to be applied in yoghurt fortification process

which could enhance the bioactive compounds, textural

properties, antioxidant stability with better sensory

properties.

Production and characterization of bioactive
peptides

Peptides represent a quite heterogeneous class of com-

pounds and their characteristics are strongly influenced by

the amino acid composition and chain length. Bioactive

peptides are small molecules with 2–20 amino acids linked

by covalent bonds and have many protective properties and

bio-functionality (Korhonen and Pihlanto 2007; Mora et al.

2018). Several peptide groups and their bioactivities are

shown in Table 4 and Fig. 3a.

In the present days, the demand for functional foods has

increased world-wide because of the development of pro-

cessing and production technologies with people’s lifestyle

and awareness about the importance of bioactive peptides

as health-promoting ingredients (Tadesse and Emire 2020).

Bioactive peptides cover several functions based on their

Table 4 Major peptide groups and their bioactivities (Meisel 2004)

Bioactive peptide

group

Protein precursor Bioactivity Systems affected

Casomorphins b- and a-casein Opioid agonists, ACE-inhibitory, immunomodulatory Nervous, cardiovascular

immune

a-Lactorphin a-Lactalbumin (a-

La)

Opioid agonists, ACE-inhibitory Nervous, cardiovascular

b-Lactorphin b-Lactoglobulin (b-

Lg)

Opioid agonists, ACE-inhibitory, smooth muscle contraction

(Ileum)

Nervous, cardiovascular,

digestive

Lactoferroxins Lactoferrin Opioid antagonists Nervous

Casoxins j-Casein Opioid antagonists, ACE-inhibitory, some smooth muscle

contraction

Nervous, cardiovascular,

digestive

Casokinins b- and a-casein Antihypertensive, immunomodulatory, cytomodulatory Immune, cardiovascular

Casoplatelins j-casein, transferrin Antithrombiotic Cardiovascular

Immunopeptides b- and a-casein Immunomodulatory Immune

Phosphopeptides b- and a-casein Mineral carriers Digestive

Lactoferricin Lactoferrin Antimicrobial, immunomodulatory Immune, digestive
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sequences and chain lengths. Some bioactivities (Fig. 3a)

of peptides have been included in the gastrointestinal sys-

tem such as the anti-obesity and satiety peptides, the car-

diovascular system such as antihypertensive,

antithrombotic, antioxidative, hypocholesterolemic pep-

tides and angiotensin-converting enzyme (ACE) inhibitor

peptides, the immune system such as antimicrobial, cyto-

modulatory and immune-modulatory peptides, and the

nervous system such as opioid peptides (Mora et al. 2018;

Mada et al. 2020).

In the last few years, functional food-derived bioactive

peptides are gaining interest from researchers due to their

antidiabetic and safety issues that regulate sugar absorption

and insulin level in the body. ACE inhibitor peptides play a

crucial role in the regulation of blood pressure i.e.,

hypertension by enhancing the conversion of angiotensin I

to the potent vasoconstrictor angiotensin II as well as

inactivates the vasodilator bradykinin (Daliri et al. 2018).

Peptides sequences (e.g., Ile-Pro-Pro and Val-Pro-Pro,

ArgTyr-Leu-Gly-Tyr, Ala-Tyr-Phe-Tyr-Pro-Glu-Lue, and

Tyr-Gln-Lys-Phe-Pro-Gln-Tyr) found in dairy products

such as sour milk, whey hydrolysates, cheese, and some

fermented products showed the strongest ACE inhibitor

activities (Sultan et al. 2018). Over the last few decades,

different degenerative diseases such as hypertension, can-

cer, cardiovascular diseases, inflammations, diabetes mel-

litus, neurodegenerative diseases, etc. have been arisen due

to the action of free radicals, such as singlet oxygen (1O2),

peroxyl radical (RCOO�), hydroxyl radical (�OH), super-

oxide anion (O2
�-), hydrogen peroxide (H2O2), and per-

oxynitrite (ONOO-) mediated lipid oxidation and

oxidative stress (Sah et al. 2016; Sultan et al. 2018; Daliri

et al. 2018; Mada et al. 2020). Interestingly, different

antioxidative peptides have been discovered that can

Fig. 3 a bioactivities of

peptides (Mora et al. 2018) and

b formation of bioactive

compound from major milk

proteins (Korhonen and

Pihlanto 2007)
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mitigate the pathophysiological effects of these free radi-

cals. The antioxidant or free radical scavenging activity of

bioactive peptides from different products can be evaluated

in many ways such as DPPH� and ABTS� scavenging

activity, ferric reducing power, nitric oxide scavenging

activity, metal chelating activity, and so on. Several

antioxidative peptide sequences such as Ser-Asp-Arg-Asp-

Leu-Leu-Gly-Pro-Asp-Glu-Glu-Gln-Tyr-Leu-Pro-Lys

from hydrolyzed protein of Pennisetum glaucum with

digestive enzymes (Agrawal et al. 2016); Glu-Ser-Thr-Val-

Pro-Glu-Arg-Thr-HisPro-Ala-Cys-Pro-Asp-Phe-Asn from

hydrolysis of hoki frame protein (Kim et al., 2007); Asp-

His-Thr-Lys-Glu, Phe-Phe-Glu-Phe-His and Met-Pro-Asp-

AlaHis-Leu (Liu et al. (2015); Ala-Glu-GluArg-Tyr-Pro

and Asp-Glu-Asp-Thr-Gln-Ala-Met-Pro from hydrolyzed

chicken egg (Nimalaratne et al., 2015); and Asp-Cys-Gly-

Tyr and Asn-Tyr-Asp-Glu-Tyr (Fan et al., 2012) showed

the strongest oxygen and free radical scavenging activities.

However, the amino acid composition, chain length, and

sequence of the protein significantly determine the exis-

tence of antioxidant peptides with required bioactivities

(Tejano et al., 2019; Sultan et al. 2016). Furthermore,

opioid peptides function as neuro-hormones and neuro-

transmitters involved in stress reactions, nociception con-

trol, sedation, breathing tone, depression, hypotension,

appetite, gastrointestinal digestion, and other physiological

actions (Daliri et al. 2018). Another diverse group of

peptides is the antimicrobial peptides that work as the first

line of defense of the host against different microorganisms

e.g., bacteria (Listeria, Salmonella, Escherichia, Staphy-

lococcus and Helicobacter), yeasts, fungi, viruses, and

even cancer cells. Different literatures mentioned that milk

lactoferrin and casein derivatives, a-lactalbumin and b-

lactoglobulin, etc. showed the strongest antimicrobial

activities (Sah et al. 2016; Daliri et al. 2018; Sultan et al.

2018). However, the functionalities of the antimicrobial

peptides are governed by the membrane permeability,

charge affinity, cellular structures, and composition, and

mostly the hydrophobicity that may enhance its antimi-

crobial activity against targeted microorganisms (Sah et al.

2016). These biological functionalities of peptides depend

on several factors including, sources of proteins, types of

enzymes, pretreatment of protein sources (hydrostatic

pressure, ultrasound, microwave, pulse electric field),

substrate/enzyme ratio, operational conditions like time,

temperature, pH, degree of hydrolysis, peptide structure,

types of amino acids, molecular weights and so on

(Bhandari et al. 2020). Most of the bioactive peptides are

obtained from animal sources like dairy-based products,

basically from milk, meats, and egg proteins. Plant sources

Fig. 4 Approaches towards the

discovering of bioactive

peptides. Adapted from Daliri

et al. (2018)
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include soy, oat, pulses (chickpea, beans, peas, and lentils),

canola, wheat, flaxseed, and hemp seed (Chakrabarti et al.

2018). Furthermore, proteins from marine sources e.g., fish,

squid, salmon, sea urchin, oyster, seahorse, and snow crab

have also been used (Moller et al. 2008). Bioactive pep-

tides from diverse protein sources are generally produced

in three different ways (Sultan et al. 2018). These

methodologies are (i) hydrolysis by enzymes from plants or

microorganisms (ii) fermentation with LAB (especially

proteolytic cultures) (iii) breakdown by digestive enzymes.

The combination of these methodologies has been found to

be beneficial in the production of bioactive peptides

(Korhonen and Pihlanto 2006). A brief of these methods

has been illustrated in Fig. 3b. Peptide production through

hydrolysis involves the breakdown of parent proteins by

enzymes like pepsin, trypsin, alkalase, thermolysin, pan-

creatin, etc. (Ferreira et al. 2007). This method is consid-

ered to be more suitable as compared to microbial

fermentation as it is easy to adapt, short reaction time, and

predictable (Bhandari et al. 2020). The bio-functionality

and peptide sequence depend on the types of enzymes used.

In the fermentation process, different probiotic microor-

ganisms especially LAB, yeasts, molds, and fungi are used

to hydrolyze the proteins using the enzymes produced by

the microbes themselves (Sultan et al. 2018). Also, the

combination of different microbes i.e., co-cultures can be

used to promote the hydrolysis processes. In this process,

microbial strains, fermentation time, and protein sources

play important roles in determining the degree of fermen-

tation (Chakrabarti et al. 2018). Protein breakdown by

digestive enzymes occurs during the digestion of protein

foods in the gastrointestinal tracts due to the action of HCl

and pepsin enzymes and sometimes due to the action of gut

microbial flora (Moller et al. 2008; Sultan et al. 2018). In a

review, Daliri et al. (2018) accumulated and described the

major approaches in bioactive peptide discovery and clas-

sified them as empirical, bioinformatics, and integrated

systems. These approaches have been summarized in

Fig. 4.

Several promising technologies have emerged over the

few years that can reduce the processing time and costs

with an improved yield of bioactive peptides. Among such

technologies, the microwave, ultrasound-assisted, high

hydrostatic pressure, pulsed electric field, and subcritical

water processing have been raised as the effective and

potential on the production of antioxidative peptides to

reduce the drawbacks of conventional production tech-

niques (Dong et al. 2019; Gohi et al. 2019; Wen et al. 2019;

Yang et al. 2017; Tadesse and Emire 2020).

Modern science has developed several techniques to

characterize bioactive peptides derived from different

products. These techniques include two-dimensional gel

electrophoresis, reverse-phase high-performance liquid

chromatography, and matrix-assisted laser desorption/ion-

ization-time-of-flight mass spectrometry (MALDI-TOF

MS) which have been used to investigate the degradation

of milk proteins by different enzymes (Manso et al. 2005;).

High-performance liquid chromatography (HPLC) in con-

junction with tandem mass spectrometry has been used to

identify biologically active peptides by milk fermentation

particularly, Angiotensin-I-converting enzyme (ACE)

inhibitory peptides (Hernández-Ledesma et al. 2004). Also,

confocal microscopy and transmission electron microscopy

has been used to examine the mode of action of antimi-

crobial milk peptides (Van Der Kraan et al. 2004). Nuclear

magnetic resonance (NMR) is used to determine the

structure of organic molecules and biomolecules in solu-

tion. NMR could be used to characterize bioactive pep-

tides. Few studies have been undertaken to examine the

structure of bioactive peptides derived from milk; however,

natural bioactive peptides have been characterized by this

technique as well as some of the milk proteins.

Recently, Agyei et al. (2019) reviewed structure-in-

formed detection and quantification of peptides in food and

biological fluids where they mentioned the capillary zone

electrophoresis and chromatographic techniques. These

techniques are mainly applied for identifying the physical

or chemical stabilities, or the bioanalysis of peptides at the

highest degree of their sensitivity and amino acid sequen-

ces. On the other hand, MS-based techniques have been

gaining popularity among researchers in the structure-in-

formed identification and quantification of peptides due to

their sensitivity, specificity, and high-throughput analytical

capabilities guaranteeing reproducibility (Dallas et al.

2015). Besides, simple ultrafiltration with a 5-kDa MWCO

followed by nano-UPLC analysis coupled to high-resolu-

tion MS/MS plays an important role by improvements in

the analytical instrumentation that allowed to directly

examine 17 short peptide sequences without any chemical

derivatization (O’Keeffe and Fitzgerald 2015; Capriotti

et al. 2016). Solid-phase peptide synthesis process involves

four stages: anchoring, de-protection, coupling reaction,

and cleavage (Howl 2005). In vivo and in vitro peptide

synthesis allows the investigation of the bioactivity and

potentially the mechanism of a purified peptide for diver-

sified applications.

Although bioactive peptides have gained a remarkable

place in the recent research trims, many issues have been

emerged to ensure their safety and toxicity. For instance,

intestinal wall disruption, erythrocytes, and lymphocytes

toxicity, free radical production, enzymopathic and

immunopathic tissue damage, and cytotoxicity are the

prime concerns in the biological system. Consumption of

such peptides may lead to various health complications

(Bhandari et al. 2020). Therefore, it is necessary to ensure
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the toxicity level of a peptide to be used in the functional

food formulations and also for therapeutic purposes.

Conclusion and the future dimension of researches

Bioactive functional foods have occupied a promising

place in the modern food markets owing to their roles

against oxidative stress and different bio-physiological

disorders. Yoghurt is consumed as a functional food due to

its high nutritional contents, and its health benefits can be

further boosted by adding probiotic bacterial strains and

bioactive compounds. Besides, yoghurt fortification with

natural compounds will enhance the antioxidative proper-

ties thus it could help to utilize the natural resources.

Therefore, the fortification of yoghurt with bioactive

compounds could be an interesting and potential research

aspect in current situations. Besides, by developing a pro-

ject and/or installation of commercial industries for the

production of bioactive peptides from fermented milk

products, the spoilage of milk can be reduced to a greater

extent, and a new industry in agricultural farming can also

be planned. An integrated initiative might provide

employment opportunities to a wide range of people that

can contribute to the GDP as well as the national socio-

economic development of a country. Although the bioac-

tive peptide has the potential to be used in the production

of functional foods with health-promoting properties,

safety issues should be confirmed first. Moreover, an in-

depth research in this arena is needed to evaluate the

health-promoting effects and the bioavailability of func-

tional foods-originated bioactive peptides in human sub-

jects to expose their molecular mechanistic interaction.
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